In patients with duodenal adenocarcinoma, certain pathologic features of the tumor will have prognostic significance.
months, P = .02). Multivariate analysis revealed large tumor size (P=.01), transmural invasion (P=.004), and moderate to poor tumor grade (P=.03) were negatively correlated with survival. Lymph node status did not influence survival.
Conclusions:
Our 40-year experience with duodenal adenocarcinoma demonstrates that large tumor size, advanced histological grade, and transmural invasion are associated with decreased survival. These results underscore the importance of early diagnosis, and suggest the presence of nodal spread is not a contraindication to resection.
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P RIMARY adenocardinoma of the duodenum is a rare disease with a poorly defined natural history. It represents less than 0.5% of all gastrointestinal tract malignant neoplasms and accounts for up to 45% of small bowel cancers. [1] [2] [3] [4] [5] The disease is usually diagnosed at an advanced stage, but reported 5-year survivals range up to 50%. 1, [6] [7] [8] [9] [10] Surgical resection is the only potentially curative treatment, but not all patients from whom the tumor is removed necessarily survive longterm. Because of the small number of patients with this neoplasm, it has been difficult to determine those factors that influence survival. Controversial issues include the significance of the tumor stage and degree of differentiation, and the prognostic value of nodal status. The importance of the location of the tumor in the duodenum, as well as the type of surgical resection performed have also been debated. All of the published experience to date has come from retrospective reviews, and most have covered a period of 20 years or less, with correspondingly small sample sizes. In the present retrospective study, we have analyzed the factors associated with survival in our 40-year experience with primary duodenal adenocarcinoma.
RESULTS

PATIENT AND TUMOR CHARACTERISTICS
Of the 49 patients reviewed, the average age at diagnosis of duodenal adenocarcinoma was 61.3 years (age range, 32-84 years); 24 (49%) were men and 37 (76%) were white. Two of the patients had been previously diagnosed with familial polyposis; 1 had already undergone a prophylactic total colectomy. Twelve (24%) of the 49 patients were alive at last follow-up. The mean follow-up for the patients still living was 68 months. Follow-up was complete with the exception of 3 patients. One of these underwent pancreaticoduodenectomy and was lost to follow-up after 22 months with no evidence of recurrent disease at that time. The other 2 underwent palliative bypass and were lost to follow-up 1 month and 6 months following surgery. Thirteen (27%) of the patients received postoperative chemotherapy and 7 (14%) received postoperative radiotherapy. The characteristics of patients whose tumors were resected were not significantly different from those whose tumors were not ( Table 1) . Most tumors were in the second portion of the duodenum (61%); one third of these were periampullary. The remaining tumors were evenly distributed in the third and fourth portions of the duodenum. There were no tumors in the first portion of the duodenum in this series. Average tumor size was 4.9±0.5 cm, with a range of 1.0 to 14.0 cm. Thirty-one (64%) of the patients had tumors that invaded through the serosa into the periduodenal fat or into the mesentery, and 37% of the tumors had a histological grade of moderately to poorly differentiated. Twenty-one (44%) of the patients had 1 or more positive lymph nodes at the time of surgery. Seven (14%) of the patients had evidence of distant metastases; 4 (8%) were in the liver and 3 (6%) were to other distant sites. In 11 (22%) of the patients, the tumors were found to have invaded the pancreas at the time of surgery, in 10 (20%) of the patients tumors had invaded major blood vessels, and in 5 (10%) the retroperitoneum. Pathologic examination revealed perineural invasion in 2 patients (4%).
OPERATIVE CHARACTERISTICS
The tumors of 31 (63%) of the 49 patients underwent potentially curative resection; the remaining 18 (37%) had a palliative bypass or underwent biopsy only. Unresectable lesions were characterized by involvement of large blood vessels (ie, inferior vena cava, aorta, superior mesenteric artery or vein), extensive retroperitoneal invasion, and/or distant metastasis. Of the 31 patients whose tumors were resected, 27 (88%) had microscopically clear margins. For all patients who were operated on, the estimated mean blood loss was 792±127 mL, the mean number of units transfused was 1.25±0.3, the average length of the surgery was 6.0±0.4 hours, and the average length of hospital stay was 24±2 days. Two perioperative deaths (4%) (defined as deaths during the hospital stay in which the operation was performed) occurred. Both of these patients had undergone pancreaticoduodenectomy. Postoperative complications occurred in 23 (48%) of the patients and included wound infection (3 patients), intraabdominal abscess (1 patient), pancreatic fistula (4 patients), gastrointestinal hemorrhage (2 patients), pulmonary embolus (1 patient), hepatic coma (1 patient), and prolonged ileus (12 patients). Table 2 summarizes the operative characteristics for patients whose tumors were resected vs patients who received palliation.
We compared the resections performed over the last 15 years with those done in the earlier period of the review ( Table 3 ). The estimated blood loss decreased from 1315±313 mL to 659±126 mL and the mean number of units transfused during surgery decreased from 2.6±0.8 to 1.2 ± 0.5. The length of stay in the hospital also decreased from 30 ± 5 days to 20 ± 3 days. However, the length of the average operation increased from 6.7±0.5 hours to 8.0±0.7 hours. Estimated blood loss, mean num- 
PATIENTS AND METHODS
The medical records of 49 patients with a microscopic tissue diagnosis of duodenal adenocarcinoma treated at University of California Los Angeles (UCLA) Medical Center between March 1, 1957, and May 11, 1998, were reviewed. Follow-up data were obtained from the UCLA Cancer Registry Center and through contact with the patients' personal physicians. Review included patient demographics (age, sex, race, date of diagnosis); data regarding the surgery (type of surgery, duration, estimated blood loss, blood transfused, and perioperative complications); tumor characteristics (location, size, degree of differentiation, invasion of surrounding structures, lymph nodes status, and metastatic disease); and use of adjuvant chemotherapy or radiotherapy.
With one of us performing statistical validation, a multiple regression analysis was done to determine which study factors were associated with patient survival. The initial selection of variables was intuitive, based on apparent clinical relevance, so as to limit the number of predictors. Then stepwise linear regression was performed to finalize the regression model. All analyses were done with Stata software (College Park, Tex). Statistical significance was rated at PϽ.05. Wherever appropriate, data are presented as mean±SEM.
ber of units transfused, length of stay in the hospital, and operative time approached, but did not reach, statistical significance (because of the small size of the subsample in each group). Morbidity was unchanged, but there was no perioperative mortality among patients whose tumors were resected in the last 15 years.
Of the patients whose tumors were resected, 27 had pancreaticoduodenectomy (2 of the 27 were pylorus sparing procedures) and 4 had segmental resection of the involved portion of the duodenum. All of the patients undergoing segmental resection had tumors in the third or fourth portion of the duodenum. Five other patients with distal (third or fourth portion) tumors underwent pancreaticoduodenectomy.
SURVIVAL
Mean survival for the entire series was 49 months, including 12 (25%) of the patients who were alive at last follow-up. The range of survival ( for all patients was 1 to 275 months, with a median of 22 months. Overall 5-, 3-, and 1-year survivals were 33%, 38%, and 77%, respectively. The group whose tumors underwent resection had significantly longer survival than those who had palliative bypass or underwent biopsy (66 ± 13 months vs 18±5 months; P = .02). Five-, 3-, and 1-year survivals for the group that underwent tumor resection were 43%, 47%, and 90% vs the group that had palliation whose 5-, 3-, and 1-year survivals were 13%, 20%, and 50%, respectively (Figure 1) . Survival analysis demonstrated that of the group undergoing tumor resection, 23 (75%) survived 20 months, 15 (50%) survived 41 months, and 8 (25%) survived 162 months. In contrast, in the group whose tumors were unable to be resected 14 (75%) survived 7 months, 9 (50%) survived 12 months, and 4 (25%) survived 41 months. The 3 longest survivors (Ͼ20 years) all underwent pancreaticoduodenectomy. Two of these patients are still alive with no evidence of disease recurrence, although 1 of them had 3 positive lymph nodes at the time of resection.
MULTIVARIATE ANALYSIS
A multiple regression analysis was performed on all patients (N=49) to determine the most accurate model to predict patient survival. The best regression model resulted in 3 variables being associated with survival. These were tumor diameter, histological tumor grade, and the presence of transmural invasion. Patients with moderately to poorly differentiated tumors had decreased survival when compared with those with well-differentiated tumors (t-statistic=−2.3 [P=.03]). This survival difference is shown in Figure 2 . The t-statistic for tumors that invaded through the duodenal wall into the periduodenal fat or mesentery was−3.0 (P=.004), and the t-statistic for tumor diameter was −2.6 (P=.01). The overall F statistic for the model was 4.4 (F=0.001). The r 2 value was 0.61. Whether lymph nodes were involved with metastatic tumor did not influence survival (P=.25). Nor did the location of the tumor in the duodenum, the type of resection performed (pancreaticoduodenectomy vs segmental resection), and the use of adjuvant chemotherapy or radiotherapy. Table 4 summarizes the variables analyzed and their association with survival. Surgical margin was excluded from the multivariate analysis because of the small number of patients who underwent resection who had positive margins (n=3), making it statistically inappropriate to analyze the association with survival.
COMMENTS
This study represents a retrospective review of all patients with a diagnosis of duodenal cancer who were treated at UCLA Medical Center between March 1957 and May 1998. The principal goal was to characterize the factors that were associated with survival, with the hope that this might improve the overall management of patients with this neoplasm.
One expected finding was the association between certain tumor characteristics and prognosis. Thus, large tumor diameter, a moderate to poor degree of histological differentiation, and tumor invasion into the periduodenal fat or mesentery all were associated with a shortened survival. The histological grade of duodenal tumors also was noted to be related to survival in the experience of Joesting et al, 7 but others have found no such relationship. 8, [10] [11] [12] The explanation for such a difference is unclear, but data from other gastrointestinal malignant neoplasms generally support the relationship between the Transmural invasion and large tumor size were the most significant of the predictors. In an earlier series from UCLA that included some of these same patients, Lai et al 12 found a significant decrease in survival when there was transmural tumor invasion, with mean survivals of 42.0 months vs 10.5 months. Thus, our results extend those original observations. However, there is some disagreement in this area as well, and other studies have not found that transmural invasion influenced prognosis. 8, 13 Finally, as in patients with pancreatic cancer, we found an association between the size of the primary tumor and length of survival. This might have been anticipated, since larger tumors presumably have been present longer and have had more time to metastasize or invade adjacent structures. Nevertheless, in several other reviews of duodenal adenocarcinoma, such a relationship was not observed. 8, 10, 13 The lack of agreement about all of these issues probably reflects the limitations inherent in retrospective reviews and, because the disease is uncommon, the small numbers of patients in most case series.
These findings do highlight the importance of early diagnosis, when the tumors are small and before they become locally invasive, to improve the chance for cure by surgical resection. Although impractical for the general population, this strongly supports routine surveillance for high-risk groups such as those with familial polyposis.
It was surprising to us that the presence of metastatic tumor in lymph nodes was not associated with decreased survival, although it is a well-known prognostic factor for other cancers of the gastrointestinal tract (eg, colon and pancreas). For example, after resection of nodepositive ductal adenocarcinoma of the pancreas, the 5-year survival is about 10%. It has been reported to be as high as 40% when the lymph nodes are uninvolved. While it may be that this apparent lack of correlation is related to the limitations of this type of study already referred to, it is interesting that most of the other recent series also found no relationship between lymph node status and survival. 8, 10, 11, 13 This may be of more than academic interest since the current staging system for duodenal carcinoma assigns patients to stage III on the basis of lymph node involvement alone. Perhaps this should be reconsidered. Analysis of the resections since 1985, compared with those done before, revealed some differences that approached, but did not attain, statistical significance. Estimated blood loss and average number of units of blood transfused decreased, perhaps indicating improvements in operative technique as well as awareness of the drawbacks of transfusion. Operative time was increased, which may reflect more aggressive tumor resections in patients who earlier would have been managed more conservatively. Postoperative morbidity was essentially unchanged, but there were no perioperative deaths in the recent group, compared with 2 in the earlier period. Finally, the length of stay in the hospital decreased in recent years.
The significance of the primary tumor location in regard to prognosis remains controversial. While 2 previous studies have shown increased survival among patients with distal tumors, 1,14 others found increased survival for patients with proximal tumors. 7, 10 Both our current study and a recent study by Rose et al 8 found no difference in survival based on tumor location, although there were no tumors in the first part of the duodenum in our experience.
Segmental duodenal resection has been suggested to represent a less morbid option than a pancreaticoduodenectomy for patients with tumors in the third or fourth portion of the duodenum. Our study did not reveal a survival difference between patients who underwent one or the other of those 2 operations for such tumors. This is consistent with several other reports, [6] [7] [8] 13 and seems to support segmental resection as a reasonable option for patients with cancer in this location. However, in our series only 4 of 31 patients underwent segmental resection. The previously published series also had small numbers of patients treated in this way, which could make differences in survival between more or less radical procedures hard to detect.
In summary, our 40-year experience at the UCLA Medical Center with duodenal adenocarcinoma has shown that large tumors, moderately to poorly differentiated tumors, and tumors that have invaded the surrounding fat or mesentery are associated with decreased survival. Neither metastatic involvement of lymph nodes nor the location of the tumor within the duodenum had any asso- ciation with survival. Based on these results, we conclude that lymph node involvement should not preclude an aggressive resection and that earlier diagnosis is likely to improve survival. Consideration also should be given to revision of the current staging system for duodenal cancer, since it does not appear to reflect prognosis accurately. 
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DISCUSSION
Clifford W. Deveney, MD, Portland, Ore: The authors describe a series of patients with the diagnosis of duodenal adenocarcinoma. In all, the medical records of 49 patients were reviewed. The 5-year survival for the entire series was 33%, and, for those undergoing resection, the 5-year survival was 43%. The principal predictors of survival were histological grade, presence of transmural invasion, and tumor diameter, ie, those patients with well-differentiated tumors survived longer than those with poorly differentiated ones. Something that would be logical to conclude but it is nice to have it empirically shown.
The presence of transmural invasion was also a poor prognostic sign. However, neither lymph node status nor the use of adjuvant chemotherapy or radiotherapy affected survival in this series. The paper is a well-done retrospective review of this disease, and I would agree with the authors that we can conclude principally from these studies that we should be fairly aggressive in the surgical treatment of those smaller tumors that have not extensively invaded surrounding structures, and we can expect a 5-year survival in the neighborhood of 50% in those types of patients.
The paper does suffer from some of the aspects of retrospective reviews. For example, I suspect that those patients who received chemotherapy or radiotherapy as adjunct therapy probably received no uniform chemotherapy medications or a uniform method of radiotherapy. Since there were only 10 patients who received these therapies and the fact that they were not probably uniformly given makes it difficult to make a conclusion about adjunctive therapy.
In addition, I would like to ask if those patients who received adjuvant therapy were preponderantly in those groups of patients who were palliated and not resected. If this is true, this certainly would make the survival statistics poorer in that group and would make the 3 groups incomparable.
I would also ask the authors to comment on lymph node involvement, ie, how many patients had lymph node involvement and did the lymph node involvement correlate with tumor grade or invasion?
Jeffrey E. Doty, MD, San Jose, Calif: I have a few questions regarding classification, staging, and treatment and one comment regarding treatment. In terms of classification I noticed in the manuscript that 10 of the patients were classified as having periampullary duodenal carcinomas, and I am wondering how your pathology department differentiates between an ampullary neoplasm and a periampullary neoplasm as I am sure you have had many more than 10 ampullary neoplasms over the last 40 years at UCLA Medical Center. Why are some in one group and others in the other group?
In terms of nodal status, as you know nodal status is a determinant of prognosis for most other GI malignancies so your data are in contradistinction to that. As well the number of lymph nodes removed by a pancreaticoduodenectomy will vary considerably between surgeons, techniques, and the pathologist examining the specimen. Did you look at the number of lymph nodes removed and see if that in some way related or correlated with the nodal status? Do you have any information regarding the nodal drainage of duodenal adenocarcinomas, either with in vivo or ex vivo nodal mapping? I think this is an important issue as nodal status is a determinant in other malignancies, specifically colon cancer, for the use of adjuvant therapy.
In terms of treatment, I would question your statement in the paper that a segmental resection is "reasonable" for the management of adenocarcinoma of the third or fourth portion of the duodenum. Your splendid operative results with no mortality since 1985 would suggest to me that a radical en bloc resection is the appropriate management for a carcinoma in this area and that we should reserve segmental resection for perhaps the high-risk patient with a T1 lesion.
Finally, time permitting, would you address the role of neoadjuvant radiation chemotherapy in the patient with an advanced adenocarcinoma of the duodenum as Dr Reber has published an article regarding this in the management of locally advanced pancreatic cancer downstaging these patients to a resectable state and the role of adjuvant therapy postoperatively in those patients who have had a pancreaticoduodenectomy that has become I believe the standard of care at this moment for the management of cancer of the pancreas?
L. William Traverso, MD, Seattle, Wash: I rise to commend the UCLA group on 2 counts. First of all, not touched on in Dr Debas' lecture yesterday was the regionalization of complex surgical procedures and here in the last 15 years the UCLA group has provided support for that concept. Drs Glasgow and Mulvihill, who earlier in this program presented data on 40000 gallbladder operations, several years ago presented data for California on the Whipple procedure. There were just a few institutions in California that had a very low mortality rate. It was directly related to the volume of cases that were cared for in those hospitals. I think it is significant to note that the mor-
